Introduction
Death certification is a public health surveillance tool and a valuable source of information at both national and local levels. The benefits of death certification are varied and include the proof of legal death, monitoring the health of general populations, health planning and of setting priorities for disease prevention. Accurate death certification is also very important in clinical trials, outcome review studies and as a deterrence of crime. (1, 2) Despite the range and importance of the roles that certification mortality statistics fulfill, the researchers and the physicians who employ theses statistics often pay inadequate attention to their measurements and conceptual characteristics. This is primarily due to fact that many of them do not receive adequate training in this skill, hence resulting in inaccuracies, which undermine the quality of the data derived from death certificates. (3, 4) The World Health Organization (WHO), as well as other organizations, produced rules and guidelines for mortality and morbidity coding. Nevertheless, death registration is fragmented and largely inadequate in most developing countries.
(1) This is mainly due to diagnostic problems when dealing with death certificates, even in countries that encourage autopsies. (3) In Saudi Arabia, however, the problem is even more severe since autopsies are discouraged unless a suspicious, suicidal or criminal death is involved.
The solution of the preceding problem is by the proper knowledge of the definition of death, the terms concerned with death, unification of certificates and their correct completion and finally coding and computerized registries.
Most definitions of death are rather unsatisfactory: the United Nations" Statistics defines death as "the permanent disappearance of all signs of life". (5) The United
Kingdom of Great Britain defines death as "the irreversible cessation of all integrated functions of the human organism as a whole, mental or physical". The latter definition seems to be more accurate than the first one. (6) The differentiation between the primary cause, secondary cause, mode and manner of death is a crucial task. The definitions of these terms are mentioned in table 1 (4) . 
To make the process of gathering information from certificates for the purpose of statistical information easier, the WHO classifies all diseases to be used both in clinical diagnosis and on death certificates in its book International Classification of Disease (ICD). Each of the many thousands of named conditions are given a fourdigit ICD number which can be used for data recording and retrieval, and are used all over the world. In addition to the disease names, there is also the "E-codes", which has more medicolegal relevance (e.g. drowning, stabbing, falls, traffic accidents etc).
The latest version of the ICD classification is ICD-10 and has been translated to Arabic but unfortunately this classification is not used in Saudi Arabia. (7, 8) However, as more and more disease-specific registries and hospital medical records are computerized, more and more investigators will begin to use these databases as the standard by which to evaluate the quality of certification statistics. The merits of this method were timesaving, less costly, and applicable in large scale and routinely (9) .
As the research studies in this region are not only limited but also with varying results (1,3 and 10) this study on death certification at two hospitals( King Khalid University Hospital (KKUH) and King Fahad National Guard Hospital (KFNGH)) in Riyadh, Saudi Arabia is carried out with the objectives: (1) whether the primary and secondary causes of death in the medical record match those written in the English version of the death certificate. (2)Whether the translation of the primary and secondary causes of death from English to Arabic is correct.
Our hypothesis is that the cause of death in the file matches that found in the death certificate in English, and that the translation of the cause of death from English to Arabic is correct.
Methods

Study sample
Data was obtained retrospectively from clinical records (files), English and Arabic death reports that were registered in 2002. They were selected randomly from two hospitals, King Khaled University Hospital (KKUH) and King Fahad National Guard
Hospital (KFNGH) in Riyadh, Saudi Arabia. The sample size was 157 death cases, where 101 cases were taken from KFNGH and 56 cases from KKUH by using the following inclusion/exclusion criteria.
Inclusion/Exclusion criteria
The inclusion criteria is: deceased patients 13 years of age and above, with files at the above hospitals, who died in the year 2002 after admission to a hospital ward and died of medical causes (natural deaths). The exclusion criteria is: pediatric patients (below 13 years of age), patients with no files who died from iatrogenic or traumatic causes, who died before admission to a hospital ward and/or who died in other than the year 2002.
Variables and measurement
The following information was obtained for each case from their 3 records, (i) original file, (ii) English, and (iii) Arabic death reports:
(1) Demographic characteristics of the deceased, e.g. sex, age, nationality.
(2) Variables related to the cause of death, e.g. date and time of death, cause of last admission, the primary (underlying) and secondary causes of death in the 3 records and the consistency between them. (3) Variables related to the filling of the 3 records, e.g. date of filling the records and the rank of the person who filled these records (e.g. consultant, resident, etc).
Process of Existing Death certification:
The process of issuing a death certificate in Saudi Arabia takes a number of steps. In KFNGH, the physician in charge (e.g. consultant or resident) fills the report by hand. Afterwards, this report is sent to the medical records department where it is typed and translated into Arabic by qualified translators. Consequently, this form is sent to the physician who wrote it in the first place for signature. The death report is then kept in the file and a copy is given to the relative(s) of the deceased. Finally, (as above) this copy is provided to the Office of Mortuaries and Births, an administration in the Ministry of Interior, to issue a death certificate.
Assessment method:
The primary and secondary causes of death from the original file were assessed independently by a reviewer (Forensic pathologist) without knowing the details incorporated in the death reports. Later, another reviewer (Epidemiologist) matched those causes of death (primary and secondary) with the causes mentioned in the English and Arabic reports. Further, the accuracy of translation of the death reports from English into Arabic was also checked.
The consistency of information between the file, English and Arabic death reports regarding the primary and secondary causes of death was coded as such: Match, do not match or one or both death reports are missing. In addition, the primary causes of death from the file were coded by designing a classification system on the basis of other classifications such as the ICD-10 and other reports. (11) However, the primary causes of death from the English and Arabic death reports could not be coded owing to the diversity and multiplicity existing among the writers.
The following case illustrates the specific criteria used by the reviewers to ascertain the sequence of morbid conditions in order to allow selection of the primary (underlying) cause of death: a man, who was known to have hypertension, developed ischemic heart disease and died from a massive myocardial infarction years later. The reviewer decided the sequence of morbid condition as follows:
Myocardial infarction
Ischemic heart disease Hypertension Hypertension was taken as the primary (underlying) cause of death, with myocardial infarction and ischemic heart disease as secondary causes of death.
Furthermore, if the patient above suffered from other associated illnesses that did not lead directly to his death (e.g. diabetes mellitus), it would also be considered by the reviewer as a secondary cause of death.
Statistical analysis
The data was analyzed using SPSS software for Windows, version 12.0. Chisquare test was used to observe an association between two categorical variables.
Results
Characteristics of the sample
Out of the 157 cases studied, 85 (54.1%) were males and 72 (45.9%) were females.
The median age at death was 60-years-old; the median values for males and females was 66 and 56 years respectively; the range was 15-91 years. The Saudi/non-Saudi ratio was 13.28:1.00. The demographic characteristics of the study sample from each hospital are given in table 2.
Consistency between the causes of death
Upon assessing the consistency between the primary cause of death in both file and 
Time-related measures
The time delay of filling the English death report (table 4) showed that 29.8% of death reports in KFNGH were written on or after the fourth day after declaring the death of the patient. In contrast, only 1.8% (1 case) in KKUH was written in the same time period. Also, 30.7% of cases in KFNGH had no date written on them, whilst a surprising 78.6% of cases in KKUH were not dated. Oddly enough, 3 death reports in KKUH were written before the date of death: this can be explained later. This time lag ranged from 0 to 461 days in KFNGH and -31 (31 days before death) to 354 days in KKUH. On the other hand, none of the primary causes of death in the English death report match the causes in the file after 7 days of delay.
Rank related measures
There was great disparity between the two hospitals with regard to the English death report writers" rank. In KKUH, 76.8% were residents and in KFNGH 13.9%
were consultants, and 11% were residents (Table.5 ). Moreover, 19.6% of the English death reports in KKUH did not have a signature. In contrast, 59.4% were not signed in KFNGH. When studying the effect of the rank of the physician with the misclassifications done, it was noticed that 50% of the residents misclassified the causes of death, while only 7.1% of the consultants misclassified them (P = 0.022).
However, there was no significant difference between the residents and consultants in the matching of primary cause of death between the file and the English death report.
Specific diseases
When calculating each primary cause of death, it was found that 20.4% of cases died from chronic liver diseases (e.g. hepatitis, cirrhosis, and malignancy), 19.6% died from different malignancies and 15.3% died from hypertension. A high proportion (81.8%) of the cases where the primary cause of death in the file matched the English death report was malignancy-related diseases.
Modes of death written in the primary cause of death bracket of the English death report were calculated and the following was observed: in 72.3% of English death reports cardiopulmonary arrest (CPA) was put as the primary cause of death in KFNGH, while it was 28.6% in KKUH. Also, shock was written in 3% of reports in KFNGH, but was in 17.9% of reports in KKUH. Among the English death reports not signed, 71.8% wrote CPA as the primary cause of death (Table. 6 ).
Errors after re-reviewing
After re-reviewing the primary causes of death in the file, it was discovered that there existed a significant association between the errors committed and the hospital that it was written in (P = 0.005). The reviewers committed errors in 12.5% of the files in KKUH and 32% of the files in KFNGH, but all of the errors committed were due to misclassification not to misdiagnosis of the primary cause of death. In addition, 47.5% of these errors were cardiovascular system related.
Discussion
Analysis of information recorded on death certificates comprises one of the oldest and most extensive public health surveillance systems. Virtually all mortality statistics deal with only the underlying (primary) cause of death, ignoring most other conditions mentioned on death certificates.
In this study, the figures above showed that agreement in the underlying cause of death between the initial writer of the death report and the reviewer was poor in 80.3%
of the death reports of both hospitals. This can be explained by the fact that most physicians lack the knowledge of the proper way of filling in these death reports due to the nonexistence of courses and/or lectures on this topic in Saudi Arabia. Also, this agreement was noticed to be better among the female cases, probably due to the clear nature of the underlying fatal disease (e.g. breast cancer) in these cases. In addition, the translation of the causes of death from English to Arabic was markedly better in KFNGH because this translation is done by employees who have specialized in "Medical Terminology".
The delay in writing the death reports by the initial writer after death in KFNGH can be attributed to the multiple-step system of writing death reports, as mentioned earlier. While in KKUH no death reports were written after 3 days of declaring a death owing to the fact that these death reports are usually filled by the physician immediately (except for one case which may be an error committed by the initial writer or the reviewer). However, regarding the 3 death reports that were written before the death of the patient in KKUH, these could be attributable to the usage of "date stamping" to record the date on the death reports. Accordingly, some of these date stamps were not changed regularly which produced this odd result. Other studies (3) found that agreement between the reviewer and initial writer increases with the advance of the writers" rank, but this was not noticed in our study. However, it was noticed that misclassifications committed by the initial writer decreased with the advance of his/her rank. With regard to underlying causes of death, it was found that cardiac (23.5%) and liver (20.4%) diseases are the main killers in our sample. As expected, and as other studies found (11) , deaths due to malignant neoplasms exhibited more agreement between the initial writer and reviewer due to simplicity in deciding the underlying cause of death.
Even though most physicians are confronted with the task of completing death certificates, many do not receive adequate training in this skill. Designing and implementation of suitable educational interventions such as continuing medical educational sessions, formal training, annual course and interactive workshops in death certification were suggested to improve its accuracy. (12, 13, 14, and 15) In conclusion, the results of this study show that the death certification at two 
